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1. INTRODUCTION 

Throughout this decade, numerous manufacturers have introduced energy-efficient and cost- 
effective electric automobiles. However, developing countries such as India continue to be underserved when 
it comes to billing requirements. There may be a significant demand for charging stations or alternative 
charging solutions in the near future. Solar energy has recently emerged as one of the simplest and most 
environmentally friendly energy sources [1]. Numerous articles concern the tracking of solar panels’ 
maximum power points. Maximum power tracking for EV on-the-go charging in partially shaded settings is a 
significant difficulty. Additionally, due to these partially shadowed conditions, a hot spot in the photovoltaic 
cells results in power loss. 

There are several articles that discuss how to overcome this partially shaded state through 
reconfiguration of photovoltaic panels or cells, as well as using optimization algorithms and intelligent 
strategies. The following articles describe the answer to this problem: The article [2] examines the 
photovoltaic cells contained within the panels. pixel-wise voting network PVNet is a pascal programme 
developed at the European communities’ joint research centre in Ispra to simulate the electrical behaviour of 
solar cell interconnection networks. Article [3] describes an approach for simulating and modelling solar 
cells and photovoltaic modules that are partially shaded in the Pspice environment. The article [4] 
investigates the functionality of a photovoltaic array. These properties stated in [2]-[4] demonstrate that when 


Journal homepage: http://ijpeds.iaescore.com 


Int J Pow Elec & Dri Syst ISSN: 2088-8694 O 1187 


the IV curves are shaded, they have many peaks. To address this issue, the work in [5] explores the available 
interconnections between the modules in a shadowed solar field and how they affect power generation. 

The work in [6] proposes a novel distributed maximum power point tracking DMPPT technique that 
is both simple to apply and accurate, resulting in precise maximum power point tracking (MPPT). The 
research in [7] proposes a global maximum power point tracking strategy based on shade detection and the 
trend of slopes out of each segment of the curve. Article [8] discusses topologies for PV panels such as total 
cross-tied, bridge link, and honeycomb. The authors present a straightforward and accurate model of 
photovoltaic arrays operating in partial shadowing conditions, based on the one-diode equivalent circuit of a 
photovoltaic cell and mathematical advances addressed in the literature [9]. The array status evaluation is 
critical for guaranteeing the safe operation of large-scale photovoltaic power plants, since it may result in the 
severity of partial shadowing increasing. Then they discovered [10] that a variety of indicators accurately 
represent the status of photovoltaic panels. The performance assessment approach was developed using the k- 
means clustering algorithm [10]. The technology performs a reconfiguration by detecting the voltages and 
irradiances of the photovoltaic cells or panels [11]. Charge redistribution through a switched capacitor 
achieves power balancing in mismatch circumstances, such as partial shade [11]. Hot spot identification is 
performed between [12]—[14]. A straightforward technique for identifying hot zones has been discussed. 
Additionally, an excellent method is employed to guard against hot spots on the panels. The detection method 
is based on the equivalent DC impedance of the panel's strings, which provides valuable properties for hot 
spot identification. 

The photovoltaic array is partially shadowed, and other issues associated with solar panel integration 
on the vehicle are explored in [15]. And the articles discuss the solutions proposed for the partial shaded 
circumstances, utilising meta-heuristics and intelligent approaches. In articles [16], [17], a comparison of the 
perturb and observe method with the PSO algorithm under partial shadow situations is discussed in the grid- 
connected photovoltaic system. This article [18] provides a method for MPPT of a photovoltaic panel array 
with partial shadowing using an improved pattern search method. The firefly algorithm (FA) [19] is a control 
mechanism for switching patterns in non-homogeneous shading profiles that follows the largest global peak 
of power generated by many switching patterns. The article then introduces a novel, intelligent, bio-inspired 
meerkat optimization algorithm [20] (MOA) capable of finding the global power peak and assuring 
maximum power supply. The research article [21] proposes a technique for tracking the global maximum 
power point (GMPPT) of partially shadowed photovoltaic (PV) systems using simulated annealing (SA). The 
proposed strategy for GMPPT is compared to both the widely used perturb and observe MPPT methodology 
and the particle swarm optimization method. As an alternative to standard photovoltaic MPPT approaches, 
the work given in [22] uses an opposition-based learning firefly algorithm (OFA) to improve the performance 
of solar systems under both uniform irradiance changes and partial shade circumstances. This article [23] 
proposes using the chimp optimization algorithm (ChOA), a metaheuristic algorithm inspired by chimps' 
natural social behaviour, to track the MPPT of solar PV strings. The article [24] discusses kinetic gas 
molecular optimization in terms of MPPT and maximum number of iterations (KGMO). This contrasts with 
ant colony optimization (ACO). In comparison to the KGMO technique, ACO requires more iterations to 
achieve the specified partially shaded irradiation conditions. The article [25] examines the performance of the 
PSO and grey wolf optimization algorithms in a photovoltaic power plant's battery maintenance. 
Sathyanarayana et al. [26], the multi-objective function is utilised to track MPPT and its performance is 
compared to that of single and multi-objective tracking. 

Numerous papers fail to describe hybrid meta-heuristic algorithms and hill climbing strategies that 
use meta-heuristics. The research presents partly shaded optimization of artificial bee colonies using perturb 
and observe [27], hybrid whale optimization using simulated annealing [28], and PSO with sliding mode 
control [29]. Several papers examine the application of intelligent techniques such as neural networks [30] 
and artificial neuro-fuzzy inference systems [31] to the regulation of power generated by photovoltaic (PV) 
panels. The PSO is compared with P & O and IC in [32], [33]. The enhanced PSO is compared with PSO 
in [34]. Then the modified PSO is used in [35]. Benefits are discussed. The new architecture of PV is 
discussed in [36]. Multilevel control is implemented and discussed in [37]. Salvi et al. [38], fuzzy logic is 
used to analyse the problem of partial shaded conditions in PV. And [39] discusses the genetic algorithm in 
comparison with the fuzzy logic for the partial shaded problem in PV. 

In this paper, PV roof-top on electric vehicles is proposed with 2 kW panels and on-the-go charging 
facilities. To extract sufficient power for charging, a hybrid optimization algorithm has been introduced. An 
electric vehicle model which uses the hybrid optimization algorithm of grey wolf optimization and cuckoo 
search algorithm (GWO-CSA) has been developed and compared with the conventional particle swarm 
optimization (PSO) algorithm for maximum power efficiency. The extraction of maximum power and the 
performance of the vehicle are analysed using MATLAB/Simulink. 
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2. METHOD 

The proposed system shown in Figure 1 has five PV panels with the connection of retractable 
aluminium bars, which are hinged vertically to the surface of the roof of the car model. The panels are 
movable and can also be detached from the roof. The five PV panels are arranged in a circular pattern on the 
roof of the vehicle. For simplicity, the connecting wires are not shown in Figure 1 for simplicity. 

Figure 2 shows the battery and charger with the motor drive as the load on the battery. The Figure 3 
shows the expansion part of Figure 2. The charger takes the input from the PV panels. Vpv and Ipv are the 
measured voltage and current at the PV output terminals. The on-the-go charger is connected to the Li-on 
battery. This battery is connected to the inverter, and the inverter drives the permanent magnet brushless DC 
motor (PMBLDC). The hybrid GWO-CSA or PSO based MPPT algorithm predicts the reference voltage. 
And the PWM is generated according to the current reference generation for constant current charge. 
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Figure 2. On-the-go charger model with battery and PMBLDC motor 
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Figure 3. Expansion of the optimization part from Figure 2 


Int J Pow Elec & Dri Syst, Vol. 13, No. 2, June 2022: 1186-1194 


Int J Pow Elec & Dri Syst ISSN: 2088-8694 O 1189 


2.1. Problem formulation 

The PV power extraction must be maximized for charging the electric vehicle battery. The 
following objective function is used for the selection of proper Vef. The objective function with constraint is 
represented as, 


maximize, 

F (Veer (t)) = max( P(t) (1) 
where, 

P(t) = Volt) X Upv(t)) (2) 


inequality constraints 


Vref mint) < Vref (t) < Vref max(t) (3) 


where, 
F — fitness function 
Vref — reference voltage for MPP 
P(t) — measured PV power 
V>y(t) = measured PV voltage in V 
[py (t) = measured PV current in A 
t — simulation time in secs 

The is optimally selected by the hybrid GWO-CSA algorithm. This is set as the set point voltage for 
the charge controller. The measured PV voltage is taken as feed forward and then passed through the PI 
controller. This PI controller regulates the error voltage as a proportional duty cycle. Then it is compared 
with the carrier wave to create the pulse width modulation (PWM). This PWM is used for the extraction of 
maximum power. 


2.2. Algorithm 

Individually the gray wolf optimization algorithm (GWO) as well as cuckoo search algorithm (CSA) 
both performs well. The GWO produces fast convergence and CSA make 100 % success rate. A hybrid 
GWO-CSA is developed by combing both the algorithm, to get much better performance. In this 
Xa Xg and Xg is the Vref which is used for the control. The Flowchart is shown in Figure 4. Levy is the 
random generation function. According to GWO algorithm encircling the pray, hunting the prey and 
attacking the prey are the steps. For encircling it uses, 


D = | C. Vp,rep (it) — Vreg (it)| (4) 
Vier (it) = Vp ref — A.D (5) 


Here, (it+1) represents the next iteration, V, 


pref represents the position of one wolf, A & D are the coefficient 


vectors. It can be calculated using, 
A= 2a.1,-a (6) 
C= 2r, (7) 


Here, ‘a’ is the value between 2 and 0 which decreases linearly while iterating, rl and r2 are the random 
numbers between (0,1). For Hunting the prey following equation is used, 


Vref +Vref2 +Vref3 ) 


Veep (it + 1) = ; (8) 
Where 

Vref1 = Vier a — A1. Da | (9) 

Vref2 = |Vref p — A2. Dg | (10) 

Vref3 = |Vref y — A3. Dy | (11) 
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Vref a» Vref g and Vrep y are the best three solutions so far. And Dg, Dg and D, are the values from in (5) 
after substituting the updated Vef a , Vref p and V;er y. For attacking the prey, 


it 
aae a» 
Here ‘it’ is iteration count, ‘max’ is maximum iteration count. For cuckoo search the levy flights updation 
equation is used. And the Levy function can be represented as, 


Levy ~u = it~ here,1<A<3 (13) 
Vref,i (it + 1) = Vref,i (it) +a (45) Levy (A) (14) 


Here, i=1,2...,n is the population count. 


3. RESULTS AND DISCUSSION 

The simulink diagram for the proposed on-the-go charging is developed based on the objective 
function using the hybrid GWO-CSA optimization algorithm. The solar PV is connected to an on-the-go 
charger, and the charger is connected to the battery. The battery powers the PMBLDC motor, which is driven 
by the hall sensor. 

Here, four cases are analysed. In the first case, the irradiation considered for each panel differed by 
100. PV1 is exposed with 1000 W/m?, PV2 with 900 W/m?, PV3 with 800 W/m, PV4 with 700 W /m?, 
and PV5 with 600 W/m?.The second case is designed like PV1 is exposed with 1000 W/m?, PV2 is 
exposed with 1000 W/m?, PV3, is exposed with 900 W/m?, PV4 is exposed with 900 W/m?, and PVS is 
exposed with 800 W/m?. In the third case, PV1 is exposed to 700 W/m?, PV2 is exposed to 700 W/m?, 
PV3 is exposed to 500 W /m?, PV4 is exposed to 500 W/m?, and PVS is exposed to 400 W/m?. And for the 
last case (case 5), PV1 is exposed with 800 W/m?, PV2 is exposed with 600 W/m?, PV3 is exposed with 
600 W /m?, PV4 is exposed with 400 W /m2, and PVS is exposed with 400 W/m?. 
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Figure 4. Flowchart of hybrid GWO-CSA 
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Figure 5 depicts the PV characteristic curve for Case 1. Then the PV curves of Case 2 are depicted 
in Figure 6. Then Figure 7 shows the PV curves of Case 3. Figure 8 depicts Case 4. The marker is marked for 
the X and Y axis in the graph. Here, the X axis is voltage, and the Y axis is power. The table shows the actual 
value of the tracking power comparison between PSO and the hybrid GWO-CSA. Table 1 shows the 
reference voltage selected by the PSO and hybrid GWO-CSA. Then Table 3 shows the tracking efficiency 
comparison. Table 4 shows the voltage reference selection error. From the Tables 1-4, it is observed that the 
charging system with hybrid GWO-CSA performs better under different conditions, and it extracts a good 
amount of power from PV. 
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Table 1. Tracking power comparison 
Cases Actual power Power extracted in watts using Power extracted in watts using Power extracted in watts using 
in watts PSO, EL-PSO [32], [33] GA, FL [38], [39] hybrid GWO-CSA 
Case 1 1800 1791.6 1791.5 1792.1 
Case 2 2348 2323.9 2323.7 2328.45 
Case 3 1116 1106 1105 1109.63 
Case 4 1139 1135.7 1135.4 1135.8 


Table 2. Selected reference voltage comparison 


Cases Actual value of reference Reference voltage in Volts Reference voltage in Volts Reference voltage in Volts 
voltage in Volts using PSO, EL-PSO [32], [33] using GA, FL [38], [39] using hybrid GWO-CSA 

Case | 93.83 93.506 93.8 92.2592 

Case 2 91.3 89.348 89.3 89.8026 

Case 3 71.49 71.932 70 70.7502 

Case 4 91.51 89.803 89.1 89.3475 


Table 3. Tracking efficiency comparison 


c Efficiency in % with PSO, EL-PSO [32], Efficiency in % with GA,FL [38], Efficiency in % with hybrid GWO- 
ases 
[33] [39] CSA 
Case 1 99.53333 99.4 99.56111 
Case 2 98.97359 98.7 99.16738 
Case 3 99.10394 99 99.42921 
Case 4 99.71027 99.6 99.71905 
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Table 4. Voltage reference selection error 


Cases Voltage error in volts with PSO, EL- Voltage error in volts withGA, FL Voltage error in volts with hybrid 
PSO [32], [33] [38], [39] GWO-CSA 

Case 1 0.05993 0.06 1.274264 

Case 2 1.955448 1.98 1.4566 

Case 3 1.17018 1.18 0.491983 

Case 4 1.86537 1.88 2.36313 


It is shown that the voltage regulation is better in hybrid GWO-CSA and the efficiency is also better 
in the proposed algorithm. Figure 9 shows the state of charge of the battery in all the cases using the 
proposed algorithm. The state of charge of the battery is kept at 50% of its initial charge. Without the on-the- 
go charger, the battery is discharged by 50%. But the results from all four cases show that the on-the-go 
charger improves the state of charge (SOC) of the battery. Figure 10 shows the voltage of the battery in all 
the cases. It is observed that the voltage levels change according to the power level. The voltage is lower 
when the battery is not charged. Figure 11 shows the reference current of the battery in all the cases. The 
current is negative when the charger is not connected. The charge current is high when there is a large 
amount of power available. So, from the simulation results, it is observed that the on-the-go charger is 
successful. As the battery is loaded with the PMBLDC motor driven by the inverter, the motor performance 
is analysed here. The speed of the PMBLDC motor shaft is shown in Figure 12 The proposed hybrid GWO- 
CSA maintains the system reliably for PV panel dynamics. 
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Figure 9. State of charge using hybrid GWO-CSA of Figure 10. Voltage of battery using hybrid 
battery in all the cases GWO_LCSA in all the cases 
Rotor speed (rpm) 
wr 2000 
< i 
£ | 
rs 207 4500 F 
£ Case 14 Case 2 
3 0 
oO 1000 
2 ' 
© -20 No charging Case 3 and 4 4 500 
£ 
oO 
-40 0 
0 I vA ne ie 4 0 ai 02 a3 F a ry oF a8 0.9 1 


Time in secs 


Figure 11. Reference current of battery using hybrid Figure 12. Shaft speed of the PMBLDC motor using 
GWO-CSA in all the cases hybrid GWO-CSA 


4. CONCLUSION 

The on-the-go roof-top PV charger in an electric vehicle is developed with the objective of 
maximum power extraction using the hybrid GWO-CSA optimization algorithm. The simulation results show 
that the hybrid GWO-CSA algorithm is better in all the aspects like voltage reference error, power extraction, 
voltage levels, and tracking efficiency. The simulation results of the charging system are compared with the 
PSO algorithm. And it is evident that the performance of the PMBLDC motor is better with this charging 
system. The results of the PV power test were also satisfactory after implementing the new algorithm. The 
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various cases show the reliability of the on-the-go charger in various PV irradiance conditions. The proposed 
hybrid GWO-CSA algorithm performs well compared to the PSO algorithm, FL and GA and maintains 
system reliability. 
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